Antibody-mediated 17D yellow fever virus infection of a murine macrophage-like cell line, P388D1, was not inhibited by concentrations of cytochalasin B which did inhibit phagocytosis of antibody-coated sheep red blood cells. Chloroquine did not affect antibody-mediated enhancement of viral growth but inhibited viral replication equally whether infection was carried out in the presence or absence of antibody. The results suggest that the route of internalization of virus and subsequent intracellular pathways of replication are similar for both conditions of infection.
Cytochalasin B inhibits phagocytosis of bacteria (Malawista et al., 1971 ; Davies et al., 1973) , inert particles (Axline & Reaven, 1974) and antibody-coated sheep red blood cells (Diamond et al., 1978) but does not interfere with the ability of Sindbis or vesicular stomatitis (VSV) viruses to infect or to replicate in BHK-21 cells (Coombs et al., 1981) . This observation has been taken as evidence that the route of internalization of these viruses is not by phagocytosis. Chloroquine inhibits replication of Sindbis, VSV (Coombs et al., 1981) and Semliki Forest viruses (Helenius et al., 1980) in BHK-21 cells. Evidence has been presented that chloroquine and other lysosomotropic weak bases do not affect cell membrane attachment or the rate of endocytosis of Semliki Forest and influenza viruses and that the inhibitory effect occurs by preventing fusion of viral and lysosomal or prelysosomal membranes with subsequent transfer of the viral nucleocapsid into the cytoplasm of the cell (Helenius et al., 1982; Yoshimura et al., 1982; Marsh et al., 1983) .
We have previously investigated some aspects of antibody-mediated infection of cultured peripheral macrophages and continuous macrophage-like cell lines using the 17D vaccine strain of yellow fever (17D YF) (Schlesinger & Brandriss, 1981 a, b) . Enhanced infection of these cells mediated by antibody has been demonstrated for other flaviviruses (Halstead & O'Rourke, 1977; Peiris & Porterfield, 1979) . The route of internalization of the virus or the virus-antibody complex under conditions of antibody-mediated infection is not known nor is there any information with regard to subsequent events in the course of antibody-mediated viral infection compared to non-antibody-mediated infection of cells. We therefore thought it of interest to determine the possible effect of cytochalasin B and chloroquine on antibody-mediated infection.
tTD YF, free of avian leukosis virus (lot 2091, Connaught Laboratories), was passaged in Veto cells to produce a single virus pool which was used throughout. Veto cells were grown in Eagle's minimum essential medium supplemented with 5~o foetal calf serum (MEM-FCS). P388D1, a continuous macrophage-like cell line of mouse origin (Koren et al., 1975) , was maintained in continuous spinner culture in RPMI 1640 medium supplemented with 10~ foetal calf serum and 2mM-glutamine (RPMI-FCS). Cells were added to wells of 35mm Costar cluster plates (5 x 105 cells/well) and incubated overnight at 37 °C in a humidified 59/00 CO2 atmosphere. For experiments with cytochalasin B, P388D1 monolayers were washed once with phosphate-buffered saline (PBS) pH 7.2, and incubated with either 1 gg/ml or 10 gg/ml cytochalasin B (Sigma) in PBS for 30 min at 37 °C. 17D YF virus (m.o.i. 0.1) and either control ascitic fluid or a subneutralizing concentration of 17D YF mouse immune ascitic fluid were then added. After 1 h incubation at 37 °C, unattached virus was removed by washing four times with 0022-1317/84/0000-5848 $02.0001984 SGM Normal ascitic fluid 8.3 × 10zt 7.0 × 10 2 5.3 x 10 2 17D YF immune ascitic fluid 1-6 x 10 a 1.5 x 10 4 1-9 x 10 4 * Percent phagocytosis of SRBC. t P.f.u./ml; mean value of experiment performed in triplicate. The standard errors were less than 10 ~ of the mean.
PBS and the monolayers were incubated in RPMI-FCS for 24h at 37 °C prior to plaque assay for infectious virus in Vero cells. In similar experiments, the ability of cytochalasin B-treated P388D~ cells to phagocytose antibody-coated sheep red blood cells (SRBC) was determined using the methods and criteria described by Diamond et al. (1978) . Suspensions of SRBC coated with rabbit anti-SRBC serum or a monoclonal IgG2a anti-SRBC antibody, UN-2 (UN-2 mouse immune ascitic fluid provided by Dr B. Diamond), were added to cytochalasin B-treated and untreated P388DI cells adherent to glass coverslips and were incubated at 37 °C for 4h. SRBC preincubated with normal rabbit serum or normal mouse ascitic fluid were included as controls. After hypotonic lysis of free SRBC, 100 P388D~ cells were counted using a phase-contrast microscope and the percent phagocytosis was calculated from the number of P388Da cells containing three or more ingested SRBC.
For experiments with chloroquine, P388D~ monolayers were washed once with cold PBS and mixtures of 17D YF virus (m.o.i. 0.1) and control or immune ascitic fluids were added. In parallel experiments, cold PBS-washed Vero cell monolayers were infected with 17D YF virus (m.o.i. 1.0). Synchronized infection was established by incubating P388D1 and Vero monolayers with virus for 1 h at 4 °C followed by washing with cold PBS to remove unattached virus. Prewarmed (37 °C) maintenance medium was then added (time zero) to initiate entry of virus into the cells. At time zero and at subsequent intervals up to 30 min, chloroquine (Sigma) was added to the infected cell monolayers in a final concentration of 0.075 mM to P388D1 cells and 0-1 mM to Vero cells. In preliminary experiments, these concentrations were found to produce optimal depression of infection without apparent cell toxicity, as determined by phase-contrast microscopy and trypan blue exclusion, and are the same or slightly lower than were used by others to investigate the effects of chloroquine on viral replication (Coombs et al., 1981 ; Helenius et at., 1980) , At 2-5 h the monolayers were again washed with PBS to remove the chloroquine and titres of infectious virus were determined 24 h later on the freeze-thawed cell monolayers combined with the culture supernatants by plaque assay on Vero ceils, In control experiments we determined that any small amount of cell-bound chloroquine that might have remained after washing was not sufficient to affect the plaque assay.
Treatment of P388D ~ cells with cytochalasin B at concentrations of 1 and 10 gg/ml resulted in 70 to 95~ reduction in phagocytosis of antibody-coated SRBC (Table 1) . The results are similar to those observed with another murine macrophage-like cell line, J774.2 (Diamond et al., 1978) .
Cytochalasin B had no significant effect on proliferation of virus in P388D1 cells whether infection was carried out in the presence of absence of antibody ( Table 1 ), suggesting that either internalization is not by phagocytosis or that phagocytosis of antibody-virus complexes differs from that of red cells, bacteria or inert particles with respect to inhibition by cytochalasin B.
The effect of chloroquine on viral proliferation in Vero cells is illustrated in Fig. 1 
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virus. Addition of chloroquine at 2.5 to 7.5 min resulted in an approximately 10-fold reduction in p.f.u, while progressively less inhibitory effect was observed when chloroquine was added at later times. The yield of virus in P388D1 cells was less than the yield in Vero cells but the inhibitory effects of chloroquine were similar. The same pattern of inhibition was seen when chloroquine was added to cells infected in the presence or in the absence of antibody (Fig. 2) . The yield of virus at any time point of chloroquine addition was 10-to 30-fold greater in the presence of antibody than in its absence, a value similar to the antibody-mediated 20-fold increase in infectious virus observed in control cultures to which no chloroquine was added. Chloroquine, therefore, did not prevent antibody-mediated enhancement of viral growth but did inhibit antibody-mediated and non-antibody-mediated infection equally. These results are compatible with our earlier observations that the antibody-mediated increase in yield of virus could be ascribed largely or entirely to an increased number of cells undergoing productive infection (Schlesinger & Brandriss, 1981b) . If one accepts the mechanism of action of chloroquine proposed above, our results indicate that the time necessary between attachment of virus to the cell and the release of the nucleocapsid from lysosomes or prelysosomal vacuoles into the cytoplasm is the same whether antibody is present or not, suggesting in turn, that the pathway of internalization of virus and subsequent intracellular pathways are also likely to be the same or similar.
